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Transformation and fate of nitrate and atrazine in freshwater wetlands
Abstract
Agricultural chemical contamination of surface and groundwater is a special concern in the Midwest. Nutrient
loads to surface waters in this region are among the highest in the country, and contamination of surface and
groundwater occurs from a variety of pesticides. In addition to improved farming systems that incorporate
Best Management Practices and reduced inputs of nutrients and pesticides, the creation of buffer strips and
other off-field sinks for chemical contaminants near their origin offers great promise for minimizing surface
and groundwater contamination. In the Corn Belt, one of the most promising off-field strategies for reducing
contamination of surface and groundwater is the restoration of wetlands in agricultural watersheds,
specifically as sinks for agricultural chemical contaminants.
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FOR SUSTAINABLE AGRICULTURE 
Transformation and fate of nitrate and atrazine in 
freshwater wetlands 
Background 
Agricultural chemical contamination of sur­
face and groundwater is a special concern in 
the Midwest. Nutrient loads to surface waters 
in this region are among the highest in the 
country, and contamination of surface and 
groundwater occurs from a variety of pesti­
cides. In addition to improved farming sys­
tems that incorporate Best Management Prac­
tices and reduced inputs of nutrients and pes­
ticides, the creation of buffer strips and other 
off-field sinks for chemical contaminants near 
their origin offers great promise for minimiz­
ing surface and groundwater contamination. 
In the Corn Belt, one of the most promising 
off-field strategies for reducing contamination 
of surface and groundwater is the restoration 
of wetlands in agricultural watersheds, spe­
cifically as sinks for agricultural chemical 
contaminants. 
A major research initiative at Iowa State Uni­
versity specifically addresses the water qual­
ity functions of wetlands in agricultural land­
scapes. A major goal of this ongoing initiative 
is to determine the sustainable assimilative 
capacity of wetlands for agricultural chemi­
cals. A portion of the research, funded by the 
Leopold Center and described here, combines 
experimental studies in wetland mesocosms 
and microcosms with field studies in natural 
and restored wetlands. The primary focus of 
this project was to determine the assimilative 
capacity of wetlands for both nitrate and atra­
zine. 
Approach and methods 
With earlier support from the Leopold Center, 
a complex containing 48 experimental wet­
land mesocosms was constructed in 1989 at 
ISU's Hinds Irrigation farm, approximately 
four miles north of the main campus. This is a 
unique facility for studies of agricultural chemi­
cal fate and effects in freshwater wetlands (see 
photo p. 31). The mesocosms were constructed 
in ultraviolet-stabilized polyethylene tanks 3.35 
meters (m) in diameter and 90 cm deep (11 feet 
diameter and 3 feet deep), thus providing for 
approximately 9 square m (or 10.8 sq. yards) 
of wetland in each mesocosm. The tanks were 
filled to a depth of 60 cm with sediment from 
a nearby drained wetland, planted with cattail 
rhizomes, and flooded. A deep irrigation well 
supplies the mesocosms with feed water hav­
ing concentrations of anions and cations (re­
spectively, negatively and positively charged 
atoms or groups of atoms) similar to those 
found in wetlands in glaciated terrain, yet 
having concentrations of nitrogen (N) and 
phosphorus that are low enough to allow ex­
perimental addition of these two elements. 
Mesocosms are individually valved and water 
is supplied to each unit through spray nozzles 
around its inside circumference. Water level 
is maintained through the use of variable height 
standpipes for drainage. Each mesocosm is 
also fitted with a drainage system that can 
provide a subsurface inlet or outlet for water. 
The mesocosms can be operated as either 
static or flow-through systems. 
The mesocosm experiments focused on the 
effects of nitrate loading, phosphorus addi­
tion, and sediment leading on nitrate loss. The 
effects of nitrate loading rates and patterns 
were examined by using a combination of 
batch dose studies, flow-through mass balance 
studies, and direct measurements of transfor­
mations. In batch dose studies, mesocosms 
were dosed with nitrate solutions and the change 
in nitrate concentrations in the overlying water 
was measured over time. In mass balance 
studies, mesocosms were configured as flow-
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tions in 1990. Error 
bars indicate ± one 
standard error (n=36 
on Aug. 7 and Aug. 
29, n=18 on Oct. 29). 
were constructed on the basis of measured 
loading to and export from each mesocosm. 
Flow rates into and out of the mesocosms were 
controlled so the mass balance budgets could 
be calculated from flow rates and nitrate con­
centrations in the inflows and outflows. 
Studies using the mesocosms have been supple­
mented with stable and radioisotope tracer 
studies of nitrate and pesticide fate in smaller 
enclosures called microcosms. The micro­
cosms are designed for short-term experiments 
but allow many more manipulations than are 
possible in the mesocosms. The microcosms 
are small enclosures consisting of two-inch 
diameter, polycarbonate cylinders enclosing 
intact sediment and overlying water. Each 
cylinder is constructed to accept gas-tight clo­
sures with sampling and injection ports. This 
makes it possible to seal the microcosm for 
measurements of gas exchange or to control 
the partial pressures of gases in the water phase 
by injection of gas mixtures. The microcosms 
have been used for studies of ammonium and 
nitrate flux, for l5N tracer studies of N assimi­
lation, nitrification, and denitrification, for 
studies of oxygen profiles and flux rates using 
oxygen microelectrodes, and for studies of 
pesticide fate. Pesticide fate studies were 
conducted using radioactively labeled pesti­
cide. Intact sediment cores were incubated in 
the laboratory with l4C-labeled pesticide, and 
pesticide mineralization rates were estimated 
on the basis of the rate of production of r e  ­
labeled carbon dioxide. 
Findings 
Nitrate: Results to date have demonstrated 
the principal processes involved in nitrate loss 
in the experimental wetlands and identified 
the major factors affecting rates of loss. Re­
sults confirmed that freshwater wetlands have 
considerable capacity to transform nitrate. 
Even under highly aerobic conditions, nitrate 
concentrations declined rapidly in water over­
lying wetland sediments in all of the mesocosm 
and microcosm experiments. Results from 
mesocosm batch dose studies illustrated the 
rapid decline of nitrate typically observed (see 
Fig. 1). Loss rates of nitrate range from about 
0.5 to 5 grams of nitrate-N per square meter of 
sediment per day in the presence of several 
milligrams nitrate-N per liter or more. These 
losses were clearly related to the concentration 
of nitrate in the overlying water. These results 
were confirmed by longer term, flow-through 
mass balance studies. When mesocosms with 
residence times of approximately one week 
were loaded with 15 mg/L of nitrate-N, per­
cent retention for nitrate exceeded 80%. In a 
subsequent flow-through study, the mesocosms 
were loaded at rates simulating a one-acre 
wetland receiving drainage from 100 acres of 
corn. In that simulation, mesocosms with 
residence times of approximately three days 
were loaded with water having approximately 
15 mg/L of nitrate-N. Outlet concentrations of 
nitrate were reduced by approximately 60% in 
comparison to inlet concentrations, and there 
were no indications of declining capacity for 
nitrate removal at any time during the three-
month duration of this simulation. 
Studies using 15N tracers confirm that denitri­
fication is the dominant loss process for exter­
nally loaded nitrate, accounting for approxi-
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mately 80% of the nitrate lost from the water 
phase in experimental mesocosm studies. 
Uptake by plants was apparently the next most 
important fate of nitrate, accounting for ap­
proximately 15% of the nitrate removed from 
the water in these same studies. 
Pesticides: Initial pesticide decomposition 
studies demonstrated very slow rates of degra­
dation of ring-labeled atrazine even under aero­
bic conditions. Half-lives for the pesticide in 
wetland microcosms exceeded 600 days. These 
results suggested the significant potential for 
atrazine adsorption during runoff events and 
subsequently for the gradual release of atra­
zine into effluent waters. However, little was 
known about the kinetics of atrazine adsorp­
tion and desorption from wetland sediments. 
Subsequent studies focused on defining the 
kinetics of atrazine adsorption and desorption 
in wetland sediments by using a combination 
of intact wetland microcosms and sediment 
slurries. Of particular interest were the kinet­
ics of pesticide adsorption and desorption dur­
ing and following contaminant pulses that 
simulate post-application storm events. In all 
experiments, atrazine disappeared rapidly from 
water overlying wetland sediments, with loss 
rates ranging from 6 to 16% per day. In short-
term experiments (one to two weeks), most of 
the atrazine could be found in the top 2 cm of 
the sediment, and much of the atrazine could 
be desorbed from sediments by exposure to 
fresh water. However, in long-term experi­
ments (10 months), most of the atrazine origi­
nally added could not be extracted, even by 
using organic solvents. Ongoing data analysis 
is expected to yield additional information 
about the factors that limit wetland assimila­
tion capabilities and about the overall effect of 
nitrate and pesticides on wetland function. 
Implications 
Recent initiatives in wetlands restoration offer 
a unique opportunity for water quality 
remediation in agricultural watersheds. In 
1986, with waterfowl populations at their low­
est levels in 30 years, the United States and 
Canada agreed to the North American Water­
fowl Management Plan to increase waterfowl 
Aerial view of the experimental wetland complex established in 1989. 
populations 60% by the year 2000. The plan 
calls for the protection and restoration of 1.1 
million acres of wetlands in the United States. 
In the past few years, thousands of wetlands 
have been restored in Iowa, Minnesota, South 
Dakota and North Dakota, mostly through the 
Conservation Reserve Program of the 1985 
Food Security Act. The Food, Agriculture and 
Trade Act of 1990 created the Wetland Re­
serve Program to assist farmers in restoring 
and protecting wetlands. This program has the 
goal of enrolling one million acres of wetlands 
by 1995. 
Although the concerns motivating wetland 
restoration have related primarily to water­
fowl and habitat loss, wetlands may have great 
value in agricultural watersheds for their water 
quality functions. However, because so little 
is known about the water quality functions of 
wetlands, site selection criteria for wetland 
restorations have not generally considered 
water quality functions. Especially in light of 
the current efforts to restore wetlands in agri­
cultural watersheds, there is a critical need for 
research on the fate and effects of agricultural 
chemical contaminants in these wetlands. 
On the basis of the results of this and related 
work, the investigators are working on simula­
tion models of nitrate and pesticide fate for 
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eventual application to specific management 
problems. 
Since the mesocosms were constructed, addi­
tional funding has reached $1 million annu­
ally. This has included support from the Iowa 
State Water Resources Research Institute, the 
Army Corps of Engineers, the U.S. Fish and 
Wildlife Service, and the U.S. Environmental 
Protection Agency. More recently, related 
projects have been funded—one by the 
USDA's Cooperative States Research Service 
water quality program, and another by the 
Iowa Department of Agriculture and Land 
Stewardship. These projects, one of which 
involves construction of larger mesocosms, 
address water quality functions of wetlands in 
agricultural landscapes in general, in part by 
conducting field-scale study of tile drainage 
water in wetlands. Support for this research is 
attributable in large part to the Leopold Center's 
early support of this research initiative. 
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